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(57) Abstract 



A method of applying a continuous stable intermetallic diffusion barrier layer to a high temperature metallic article is described. In 
many instances, protective coatings are incompatible with the materia] of the substrate to which they are applied. Such incompatilibility is 
overcome in the invention through in shu formation of an intermediate stable diffusion barrier layer by sequential deposition and subsequent 
reaction of suitable metals to form a continuous intermetallic layer. A conventional overlay coating may then be applied to the intermetallic 
layer without risk to the underlying substrate. The invention also contemplates creation of unitary diffusion barriers from multi-layer 
deposits; deposition of plural diffusion barriers, and formation of complete protective systems comprising substrate, diffusion barriers) and 
overlay coating prior to heat treatment in situ. 
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DIFFUSION BARRIER LAYERS 

The present invention relates to protective coatings for metallic 
articles, and in particular to stable diffusion barrier coatings which 
can be applied to inhibit the deterioration of substrate materials as 
a result of interaction with external stimuli. 

5 

The utility of many materials is limited by their tolerance of 
operating conditions since, in hostile environments such as extended 
exposure to high temperatures and temperature cycling- of the type 
found in gas turbine engines, environmental degradation can be very 
10 severe. 



Over the years, technology has developed a variety of protective e 
coatings to extend the operating lifetime and/or the maximum permitted 
working temperature of many materials. However, the coatings of 

15 choice for particular applications, for example coatings having good 
oxidation or corrosion resistance, are not necessarily compatible with 
the substrate material to which they are applied. In many cases there 
are unfavourable interactions between the material of the substrate 
and the coating composition, with the result that the physical and 

20 mechanical properties of the substrate are compromised. Deterioration 
of metallic materials is accelerated at elevated operating 
temperatures . 



Formation of intermetallic protection layers cf high temperature 
25 components is known in JP 570155364, where a PtAl 2 discontinuous 

intermetallic phase of approximately 35-50um is formed by a diffusion 
pack aluminising process at a temperature of 1150°C. High temperature 
materials are defined as those materials capable of operating at 
temperatures of 500*C or greater. This protection layer does not 
30 afford uniform protection for the substrate material. 
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There is therefore a need for a uniform coating technique for high 
temperature components which will allow the best possible coatings for 
a given purpose to be applied to a particular substrate regardless of 
the interactions which might otherwise occur between the two. 

5 

According to the present invention, this is achieved by applying a 
stable continuous uniform diffusion barrier as an intermediate coating 
between the protective coating and zhe surface of the high temperature 
substrate material. The diffusion carrier serves to inhibit the 

10 breakdown of the protective coating system by minimising 

coating/substrate interactions, such that efficacy of the protective 
coating is maintained even though the composition of the coating may 
be altered by loss through surface cxidation/corrosion. The diffusion 
barrier also helps to preserve the physical and mechanical properties 

15 of the substrate, by limiting unfavourable interactions. 

In particular, the inventive technique relies on the in situ 
formation of a continuous stable diffusion barrier by means of 

2'0 sequential layering and subsequent reaction treatment of suitable 

metallic species to produce a diffusion barrier of intermetallic form. 
This inventive concept extends also zo diffusion barriers consisting 
cf multi-intermetallic layers each limiting the diffusion of a 
specific element (or elements), and is not necessarily limited to the 

25 formation of a single intermetallic diffusion barrier layer of 

homogeneous structure. By selection of appropriate intermetallic 
species, interdif fusion of the protective coating through the barrier 
can be minimised. 

30 The invention is a method of producing a continuous stable 

intermetallic diffusion barrier on £ metallic high temperature 
article, the method comprising the steps of: 
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depositing at least a first layer of a first metal on the surface of 
the article; 

< 

5 depositing at least a second layer of a second metal on the surface of 
the article to a depth sufficient to provide a predetermined molar 
ratio of the first ar.d second metals* and 

performing a reaction treatment which causes the first and second 
10 metals to combine to form an intermetallic species. 

The term metallic is used to define substrates made of metal, 
intermetallic or alley materilas. 

15 

For certain applications, it may be advantageous to use a number 
of sequential deposition steps to build up the requisite thickness of 
first and second metals prior to the reaction step. 

20 As indicated above, it may sometimes be advantageous to deposit a 

plurality of intermetallic diffusion barriers, each of which serves as 
a barrier against diffusion by particular species. 

It is also possible to build up a complete protective system 
25 comprising the metallic article substrate, diffusion barrier (s) and 
overlay coating prior to heat treatment in situ of the complete 
protective system. In this condition, it is important to ensure that 
the top-most metal of the diffusion barrier precursor has a low 
interaction with the overlay coating. 

30 

The reaction treatment step may be carried out prior to or during 
the normal alloy heat treatment cycle to which the metallic article is 
subject. Preferably the reaction treatment is a simple heating step 
which involves raising the deposited metals to a sufficiently high 
temperature to initiate the exothermic reaction necessary to form the 
intermetallic species. This may be performed under moderate vacuum to 
minimise depletion of the second metal layer by atmospheric oxidation. 
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Alternatively, the reaction treatment could be carried out at high 
pressure, for example using a hot isostatic pressing technique. Apart 
from simple heating, the reaction treatment step could also be 
performed by thermally exciting the first and second metal layers 
5 using a laser beam, plasma treatment, or any other high energy surface 
treatment. 

Preferably the diffusion barrier layer formed by the method of 
this invention is of a thickness between O.lum ar.d 10\m t although 
10 more preferably the barrier layer thickness is between 0.8pm and 

The invention will now be described by way of example with 
reference to Figure 1 which shows in schematic form the sequence of 
15 steps necessary to carry out the invention. 

Referring now to the Figure, step 1 represents the deposition of a 
first layer of a metal "A M upon the substrate. The thickness t A of 
this first layer is determined by the overall thickness required for 
20 the reacted thermal diffusion barrier coating and the stoichiometric 
proportion of metal "A" present within that coating. 

Step 2 represents the deposition of a second metal "B n over the 
first layer deposited in step 1. Again, the thickness t B of this 
25 second layer is a function of the required thickness for the finished 
thermal diffusion barrier and the stoichiometric proportion of metal 
"B" present. 

Step 3 represents the reaction treatment step which results in 
30 combination of the two discrete layers of metals "A M and "B" into a 
single diffusion barrier layer of intermetallic "AB" . 

Assuming the reacted diffusion barrier layer A x B y is a 
stoichiometric intermetallic product, in order to obtain the desired 
35 stoichiometry it must contain proportionally x moles of metal "A" and 
y moles of metal "B". If the respective atomic weights (M) of the two 
metals are M A and \ and their densities (p) are p A and p B , then the 
ratio of thicknesses t A and t B should be in the same ratio as: 
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x.M A y.M B 
Pa Pb 

This relationship assumes that thickness is directly proportional to 
5 volume. It further assumes that little or no depletion of either 

layer occurs due to solid/gas or solid/solid interactions. Where such 
depletion occurs to an appreciable degree, appropriate adjustments 
must be made to the relative thicknesses of the respective layer or 
layers . 

10 

Ex ample 1 

The above technique has been successfully carried out on a 
substrate of commercially available IMI83*! titanium alloy. In this 
case, a diffusion barrier was required to serve as an intermediate 
15 layer between the substrate and an oxidation resistant coating. The 
purpose of the oxidation resistant coating was to inhibit the ingress 
of oxygen, thereby limiting the formation of a brittle a-case layer 
which would otherwise severely reduce the mechanical properties of the 
titanium substrate. 

20 

The sequence of steps outlined above was employed to form an 
intermetallic PtAl 2 layer from the reaction of sequentially applied Pt 
and Al layers using an R.F. biased D.C. sputtering route. 

25 In order to minimise potential solid/solid interactions between 

the substrate material and the first metal "A", particularly in view 
of the high diffusivity of aluminium in titanium, the relatively slow 
diffusing Pt layer was deposited first. This was followed by 
deposition of the required thickness of Al in accordance with the 

30 ratio: 
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(remembering that for PtAl 2 , x = 1 and y = 2) . 

5 

Depletion of the outer aluminium layer due to atmospheric 
oxidation was prevented by carrying out the reaction treatment in a 
moderate vacuum of roughly 2.0 X 1CT 5 bar. The reaction treatment in 
this instance consisted of heating for a period of 2 hours at a 
10 temperature of 750°C. X-ray diffraction analysis of the surface of 

the diffusion barrier coating confirmed that the desired PtAl 2 crystal 
morphology had been obtained. 



The continuous PtAl 2 intermetallic layer thus formed was then 
15 overlay-coated with an 80/20 Ni/Cr oxidation resistant layer. An 
oxidative heat treatment for 100 hours in air at 7C0°C subsequently 
demonstrated the complete effectiveness of the PtAl- layer as a 
diffusion barrier for nickel. Moreover, etching of the substrate 
surface revealed no evidence of a-case formation, confirming the 
20 efficacy of the Ni/Cr layer as a barrier to oxidation. 

Other intermaetallics formed as diffusion barriers on IMI834 
substrate are TiAl and (PtTi 3 + TiAl). Nickel based substrates have 
also been subjected to the method of this invention, with each of 
25 NiCr, NiCrAl, NiAl and Ni having a diffusion barrier of PtAl 2 . 

Following diffusion barrier formation on the NiCR and NiAl 
substrates and application of an overlay coating system, each specimen 
was subjected to oxidative heat treatment for 80 minutes at 1050 P C and 
30 also for 40 minutes at 1150°C. The (PtTi 3 + TiAl) diffusion barrier 
on a substrate of IMl83*4 was subjected to an oxidative heat treatment 
of 700°C for 100 hours. Each of the treatments demonstrated the 
efficacy of the respective diffusion barrier layers. 
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Titanium aluminite alloys formed the substrate for intermetallic 
diffusion barrier layers of PtAl 2 and also TiAl . 

The table below summarizes typical diffusion barrier formation 
5 for particular substrate materials, with associated typical thickness 
of diffusion barrier layers and also the efficacy testing conditions. 



10 



Substrate 


Diff. Barrier 


Thickness range 
(total) um 


Stable exposure 
conditions 


IMI 83*4 


PtAl 2 


0.7 - 3.2 


Up to 100 hrs at 
700°C 


IMI 834 


TiAl 


1.9 


- 


IMI 834 


(PtTi 3 + TiAl) 


3.0 


100 hrs at 700° C 


Q 2 


PtAl 2 


0.6 - 1.8 






TiAl 


1.9 




NiCr 


PtAl 2 


1.8 - 4.0 


80 mins/1050°C & 
40 mins/1150°C 


NiCrAl 


PtAl 2 


1.8 - 4.0 




NiAl 


PtAl 2 


1.8 - 4.0 


80 mins/1050°C & 
40 mins/1150°C 


Ni 


PtAl 2 


1.8 - 4.0 
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From the examples it can be seen that a number of diffusion 
barrier intermetallics can be used for differing substrates. It will 
be understood that alternative oxidation resistant overlay coatings 
could have been used. It will also be appreciated that suitable 
5 overlay coatings need not be confined to those imparting oxidation 
resistance . 
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CLAIMS 

1. A method of producing a continuous stable intermetallic diffusion 
barrier on a metallic high temperature article, the method comprising 
the steps of: 

depositing at least a first layer of a first metal on the surface of 
the article; 

depositing at least a second layer of a second metal on the surface of 
the article to a depth sufficient to provide a predetermined molar 
ratio of the first and second metals, and 

performing a reaction treatment which causes the first and second 
met-als to combine to form an intermetallic species. 

2. A method as claimed in claim 1 wherein a number of sequential 
deposition steps is employed to build up the requisite thickness of 
first and second metals prior to the reaction step. 

3. A method as claimed in claim 1 or claim 2 wherein a plurality of 
sequential diffusion barriers of differing compositions is deposited 
to serve as barriers against diffusion by a variety of species. 

A method as claimed in any preceding claim wherein the reaction 
treatment comprises heating the deposited layers to a temperature 
sufficient to effect exothermic reaction between the constituent 
metals of the or each diffusion barrier precursor. 

5, A method , as claimed in any preceding claim wherein the reaction 
treatment comprises thermal excitation of the deposited layers by 
high energy surface treatment such as laser beam or plasma treatment. 
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6. A method as claimed in any preceding claim wherein an overlay 
coating is applied to the outermost layer of the diffusion barrier or 
barriers prior to the reaction treatment step to form part of a 
complete protection system comprising the metallic article substrate, 
diffusion barrier(s) and overlay coating, which complete protection 
system is reaction treated in situ. 

7. A method as claimed in any preceding claim wherein the reaction 
treatment step is carried out at non-ambient pressure. 

8. A diffusion barrier or barriers produced by the method of any 
preceding claims having a total thickness of between 0.1pm and 10pm. 

9. A diffusion barrier or barriers as claimed in c laim 8 having a 
total thickness of between 0.8pm and 3 .Oua. 
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